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In developing the digital voltmeter, Non-Linear Systems, Inc., 

has utilized circuits having characteristics suitable to the great- 
est number of applications. However, final evaluation of a spe- 
cific instrument must rest with you --the user. From your day- 
to-day experience of its advantages and limitations will emerge 
the most valid estimate of what characteristics are to be desir- 
ed, what components - functions should be modified, and the 


relative importance of such modification. 


It is our sincere desire to use the experience and suggestions 
of our customers to the utmost in order to increase the versa- 
tility andusefulness of our instruments. Your comments areal- 


ways invited, and will receive our most careful consideration. 


YSTEMS 
INC. 
Del Mar Airport 
Del Mar, California 


Copyright 1955 
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Table I 


Digital Voltmeter Specifications. 


INPUT 
RESIST - 
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* ACCURACY: FS = Full scale of range in which instrument is operating. 


** SPEED: 


OPTIONAL FEATURES: 


MV = Measured voltage (the input voltage be 
Zero to full scale readings per minute. 


(letter added to model number - - 
P = Built-in Recording Controls. 

R = Remote Indicator and Cables. 

C = Remote Cable. 


ing measured). 


e. g. 519-P). 


M = Number of Readings Per Minute Doubled. 


O = Output Plugs For Remote Indicator or B 
X = Special. 


uffer Relays. 
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INTRODUCTION 


Digital voltmeters manufactured by Non-Linear Systems, Inc., 
are designed for rapid and accurate measurement of a wide 
range of direct current voltages. 


The measured voltages are displayed as a single horizontal 
line of easily-read, illumined numerals. An illumined polarity 
sign prefixes the numerical display of the measured voltages, 
and an illumined decimal point is provided between particular 
numerals as required by the voltage measurement being made. 
Records of the digital voltmeter indications can be made by 
suitable connection of electric printers or other recording sys~ 
tems. Many special applications of the digital voltmeters are 
possible. 


SPECIFICATIONS 


Digital voltmeters are available in the variety of standard mod- 
els listed in Table I. Digital voltmeter Model 519-P provides 
for a voltage measurement of 5 digits including automatic pol- 
arity and two-position automatic decimal point display, as well 
as provisions for connection to an external printer. This man- 
ual describes operation and service procedures for the Model 
519-P. Users of models other than the 519-P will ignore oper- 
ation and service instructions not applicable to their particular 
instrument. In addition tothe wiring diagram of the basic digit- 
al voltmeter system supplied in this manual as Figure 13, each 
customer is furnished a wiring diagram describing the partic- 
ular instrument purchased. 
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COMPONENTS 


The extensive use of modern etched circuit techniques in the 
construction of these digital voltmeters permits extremely ra- 
pid inspection and maintenance. Etched circuit boards contain- 
ing components having associated functions plug into a chassis 
assembly and are interchangeable with boards from other dig- 
ital voltmeters of the same model number. 


----CHASSIS ASSEMBLY 


The chassis assembly consists of a front panel, frame, etched 
circuit chassis board and a numerical readout. The front panel 
contains the ''POWER" switch, '1.018V"' calibrate switchanda 
slotted calibration rheostat shaft. The numerical readout, with 
polarity and decimal indications, is mounted on the rear of the 
front panel and the display is in view when facing the digital 
voltmeter. 


The lower rear portion of the frame contains a fuseholder, 
alternating current input plug, direct current input plug, and 
nameplate data. The chassis etched circuit board contains cir- 
cuit paths between the various plugs and components mounted 
thereon. A 28-volt transformer, power transformer, filter 
condenser and a 6AS7G power supply tube are mounted on the 
top right hand side of the chassis etched circuit board. (See 
Figure lon page 8.) Achopper and acertified miniature stand- 
ard cell are mounted on the extreme left side of the chassis. 
The standard cell certificate is included herein as Figure 3 
on page 10. Figure 2 on page 9 shows the bottom view of the 
chassis etched circuit board. 


----PLUG-IN UNITS 


Aseries of front and rear plugs are mounted between the com- 
ponents along the right and left sides of the chassis and on top 
of the chassis etched circuit board. These plugs accept verti- 
cally-positioned plug-in boards perpendicular to the front pa- 
nel. (See Figure 1.) Reading from right to left, these etched cir- 
cuit boards are designated as: (1) Power Supply, (2) Decimal-po- 
larity, (3 through 7) Decades, (8) Amplifier, and (9) Range Unit. 
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Notches in the lower edge of the plug-in boards accept corres - 
pondingly located pins in the chassis plugs to insure correct 
alignment of plug clips and contact tabs on the boards. Further 
the notch and key pin locations prevent inadvertent insertion of 
a board in an improper position on the chassis. All decade 
plugs and boards are keyed alike. However, care must be ex- 
ercised to insert the decade boards in the proper order of in- 
creasing balancing resistances from the right to left side of 
the chassis. 


For purposes of circuit tracing, all plug-in board contact tabs 
are identified by a unique symbol made up as shown by Table 
Il, 


Table IL Identification of Contact Tabs on Plug-in Boards. 


eee 


Typical Code No. 
PS F 15 


PLUG-IN BOARD MATING CHASSIS | NUMERICAL IDENTIFICATION 
IDENTIFICATION PLUG LOCATION | OF CONTACT TABS 


PS -Power Supply F - Front Count from Front to Rear 
DP-Decimal Polarity ; R - Rear Count from Rear to Front 
D1-First Decade V - Vertical Count from Top to Bottom 


D2-Second Decade 
D3-Third Decade 
D4-Fourth Decade 
D5-Fifth Decade 
A-Amplifier 
R-Range 


CIRCUITRY 


For a general understanding of the electrical circuits incor- 
porated in the digital voltmeters, refer to the simplified dia- 
gram, Figure 4. A detailed explanation of circuit operation will 
be found in the third section titled 'Theory of Operation", page 
21. 
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These digital voltmeters employ a comparison circuit which 
automatically balances a known variable voltage in discrete 
steps to equal an unknown input voltage. Visual readout is acc- ~ 
omplished through continuous correspondence of a numerical 
indicator to the state of a high speed sequential relay circuit 
controlling the magnitude of the known feedback voltage. Each 
digital voltmeter is supplied with a standard cell which may be 
switched into the input for instant verification of the calibration. 


Figure 1 Top Chassis View 
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Figure 2 Bottom Chassis View 
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Figure 3. Standard Cell Certificate 


MUIRHEAD 


D-550-A MINIATURE STANDARD CELL 


VOLTAGE The emf. of this cell has been 
measured and found to be within +0-:01% of 
1-01859 V abs. at 20°C. The emf. at various 
temperatures is given in the following table :— 


Temp. °C 10 Be 20 : 30| 35] 40 


E.M.F. V abs. | 1° 01889 | 877 | 859 | 836 | 810 | 780 | 748 


MAXIMUM CURRENT 10zA; for short periods 


INTERNAL RESISTANCE Approximately 
750 ohms at 20°C. 


SERIAL No. 232392 
TESTED BY -* MEE 
DATE 2.9546 


MOUNTING INSTRUCTIONS OVERLEAF 


MUIRHEAD & CO., LIMITED 


PRECISION ELECTRICAL INSTRUMENT MAKERS 
BECKENHAM - KENT - ENGLAND 


Printed in England 
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Figure 4 Simplified Block Diagram 


115V 60 CYCLE 
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Closure of the power switch furnishes op- 
erating power to the digital voltmeter. 


POWER SWITCH 


PC 


Sooner 


A regulated power supply distributes the 
required voltage to components within the 
instrument. 


3. 


7 . . \ 
The unknown inpat voltage is applied to _ 
. . INPUT TERMINALS 

the input terminals. 


4) 


A built-in standard cell permits standardi- 
zation of the digital voltmeter by operation ~ 
of the calibration switch and adjustment of 
the calibration rheostat until the visual 
readout display is equal to the specified 
standard cell voltage. 


a ~~ 


The range unit automatically attenuates 
the input voltage as required by the range 
of feedback voltage available within the in- 
strument. 


The attenuated unknown input appears as 
the input voltage to the chopper. 
‘ana we 
A battery of highly-stable mercury cells 
causes a small reference current to flow 
through a series circuit which includes: 
A manually controlled calibration rheostat, 
A string of relay-controlled fixed precision S 
compensating resistors. 
A string of relay-controlled fixed precision 
feedback resistors. 
The sum of active compensating and feed- 
back resistors is maintained constant by 
a logically - sequenced, electronically - con- 
trolled relay circuit in the decades. 
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An accessory electric printer, typewriter or 
card punch automatically records the same 
measurement as that displayed in the visual 
readout. 


13 


After the digital voltmeter reaches a bal- 
ance, it automatically deactivates itself and 
displays the polarity and magnitude of the 


unknown voltage at the visual readout. 
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The decade counting circuits automatically 
add or subtract increments of compensating 
and feedback resistance until the error sig- 
nal becomes zero. 


as eb 


Momentary closure of the read command 
switch activates the instrument. 


10 


The amplifier emits “up” or “down” pulses 
to electronic counters in the decades. 


9 


The chopper sends an error signal to the 


amplifier. 


8 


A feedback voltage developed across the 
active feedback resistors by the flow of 
current from the reference battery is ap- 


plied to the chopper. 
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INSPECTION 


The digital voltmeter is shipped with all plug-in components 
in place and ready to operate. However, upon receipt a thor - 
ough inspection for displacement or breakage should be made. 
Any damage resulting from shipment should be described on the 
Damage Report enclosed in the envelope at the back of this man- 
ual. The report should then be processed promptly according 
to the instructions thereon. 


INSTALLATION 


The digital voltmeter is designed for bench-top or rack-mount- 
ing installation. In either case, it should be placed for most 
convenient viewing of the visual readout. The sensitivity and 
high input impedance of the instrument makes it desirable to 
use short shielded leads for the direct current input voltage to 
avoid stray pickup. Although adequate shielding has been pro- 
videdin the design of the instrument, operation in strong fields 
such as are found near transmitters and other high voltage 
sources may introduce spurious changes in readout indication. 


Electrostatic pickup may be minimized by use of shielded input 
lines and with a good electrical ground on the chassis of the 
instrument. Sometimes reinserting the 115 volt alternating cur - 
rent power plug into the outlet receptacle in a position rotated 
180 degrees from its previous position is helpful in reducing 
effects of stray pickup. Refer to Figure 5 on page 16 for dia- 
gram of connections to be used during bench check. 


For actual installation, the variable direct current input supply 
consisting of the battery and voltage dividing potentiometer 
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Figure 5 


shown in Figure 5 will be replaced by the lines whose voltage 
is to be measured. In some instruments, the negative side of 
the direct current input line is grounded to the etched circuit 
ground plane or the chassis board, which in turn is directly 
connected to the chassis frame. In cases where one side of the 
unknown voltage line to be measured is grounded internally in 
the equipment being tested, extreme caution should be exer- 
cised to connect the negative-grounded lead of the digital volt- 
meter to the negative-grounded lead of the circuit under test. 
The digital voltmeter is designed to operate from a 60 cycle 
115 410-volt alternating current line. Excessive variation in 
line voltage may cause erratic operation of the instrument. 


Connection Diagram 


115V 
60 Cycle 


Variable Direct Current Input Voltage 


}—Red Boot is Positive 
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“ Switch 


115V 
60 Cycle 
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STARTING THE INSTRUMENT 


After making the connections to the digital voltmeter as shown 
in Figure 5, momentarily depress the "Power" switch on the 
right hand side of the front panel. Observe a "5" indication in 
each digits place of the readout. 


Digital voltmeters provided with means for making a printed 
record of the voltage measurement are disabled until the print 
command switch is closed. After approximately 30 seconds 
warm-up time, sustained closure of the print command switch 
will enable the instrument to change its readout indication to 
equal the numerical value of the voltage connected to the input 
terminals. As long as the print-command switch remains closed, 
the readout indication will follow any change in the input voltage. 
If the Model 519-P digital voltmeter istobe used for continuous 
visual indication of the input voltage, the print-command switch 
must be held closed. Opening of the print command switch will 
cause a printed record of the visual readout indication to be 
made as soon as the instrument reaches a balance. 


CALIBRATION 


The Model 519-P digital voltmeter is calibrated before use by 
following the simple procedure outlined below. When models 
not supplied with printers are being calibrated, references to 
the print command switch are not applicable. 


Allow approximately 30 seconds warm-up time after closure of 
the "Power" switch. 


Maintain sustained closure of the print command switch to acti- 
vate the digital voltmeter. , 


Momentarily depress the "1.018V" switch on the left side of the 
front panel. 


Turn the slotted calibration rheostat shaft tlocated in the lower 
left-hand corner of the front panel) in a clockwise or counter- 
clockwise direction as required to obtain a visual readout dis- 
play of "01.018". 
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Release the print command switch. A printed record of the cali- 
bration voltage (01.018 volts) will be made by the printer. 


Momentarily depress the '1.018V" switch. In 'P" series mod- 
els, the readout indication will not change from ''01.018"; but 
the instrument is now ready to measure, to display in visual 
readout form, and to make a printed record of the voltage on 
the input lines. 


MAKING DIRECT CURRENT VOLTAGE MEASUREMENTS 


To make a voltage measurement after calibration has been ac- 
complished, it is necessary only to close momenta. .ly the print 
command switch. The visual readout indicator will display the 
numerical value and polarity of the voltage applied to the di- 
rect current input leads. As soon as the visual readout indica- 
tion becomes stabilized, the printer automatically makes a 
printed record of the visual readout indication. 


ADJUSTMENTS 
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Adjustments of the gain andhum controls are described on page 
63, ''Maintenance". These are the only adjustments needed other 
than calibrating the instrument periodically to compensate for 
temperature effects on the standard cell and reference bat- 
tery circuit. 
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GENERAL 


POWER 


In the following discussion of operational theory, it is sug- 
gested that the following diagrams be consulted: 


Figure 4 Simplified Diagram Page ll 
Figure 12 Functional Block Diagram Page 77 
Figure 13 Wiring Diagram Page 77 


SUPPLY CIRCUITS 


The power supply circuits provide unregulated alternating cur- 
rent of 350, 115, 24 and 6.3 volts, and 24 volts direct current 
to various points in the digital voltmeter. Regulated power sup- 
ply voltages are +250, +150 and -150 volts direct current. 
For convience in packaging, some of the power supply compo- 
nents are mounted on the power supply board, whereas others 
are mounted on the topright hand side of the chassis board. 


The filaments of the amplifier tubes and power supply tubes are 
supplied with 6.3 volts alternating current from the power 
transformer. Decade 1 and the decimal-polarity boards receive 
filament supply at 28 volts from the 115 to 28 volt transformer. 
This transformer also supplies alternating current power to 
the full wave rectifier for operation of the buffer relays, dec- 
ade transfer relays and readout lamps. The filaments of dec- 
ades 2 thru 5 are in series with a 50 ohm, 10 watt dropping re- 
sistor across the 115 volt alternating current line. In the Model 
300 series, an 84 ohm resistor replaces the filaments of the 
second decade. 


VOLTAGE MEASURING AND READOUT CIRCUITS 


----REQUIREMENTS 
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In order to determine the magnitude of an unknown direct cur- 
rent voltage, the digital voltmeter must be capable of perform - 
ing the following functions rapidly and accurately: 


Sample the unknown direct current input voltage at closely spac- 
ed time intervals. 
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Sample the feedback voltage synthesized within the digital volt- 
meter at the same rate as above. 


Supply information to the amplifier pertaining to the magnitude 
and sense of the difference, or error voltage, between the two 
samples mentioned above. 


Upon receipt of the error signal, the amplifier must send to 
the decades "up" or "down" pulses which will raise or lower 
the voltage developed across the series of feedback voltage re- 
sistors until this voltage, and the error signal, becomes either 
zero or less than the resolution of the digital voltmeter. 


Display innumerical form the absolute magnitude of the synthe - 
sized feedback voltage which equals the unknown applied woltage. 


----DESCRIPTION 


The following paragraphs describe the major characteristics 
of the various individual circuits. 


 Seaetn Huknown Input Circuit 


In Model 519-P and other models employing automatic or man- 
ual decimal shift, the normally positive unknown input line is 
connected tothe top of a voltage divider network located on the 
range unit. Reference to Figure 13 shows continuity from pin 
lon the direct current voltage input receptacle to the top of 
the voltage divider through the normally closed calibration re- 
lay contacts (chassis relay 4) and pin RR1. 


The negative direct current input voltage line is grounded with - 
in the digital voltmeter. The bottom end of the range unit volt- 
age divider is connected to ground through pin RR3. 


Automatic range switching and consequent shift in decimal point 
location in the visual readout is accomplished by selective con- 
trol of range unit relays 15 and 16. This control is effected on 
the decimal-polarity board and is described in detail on page 
45 (Automatic Decimal Shift and Ranging Circuits). 


The unknown direct current voltage, selected from thé range 


— a 
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unit attenuating resistor by relays 15 and 16, and is applied to 
pin 4 of the chapper through pin RR2 and a 100,000 ohm resis- 


tor. 


Feedback Voltage Circuit 


A voltage is developed within the digital voltmeter as a volt- 
age drop across a series of fixed precision feedback resistors, 
The magnitude of the feedback voltage is automatically raised 
or lowered until it equals the unknown input voltage. Reference 
to Figures 12 and 13 shows that the feedback voltage circuit 
is composed of the following elements connected in series across 
a battery of highly stable mercury cells: 


a. 


Chassis RY1 contacts used in automatic or manual polar - 
ity indication. 


Calibrating rheostat (shaft accessible through lower left 
corner of front panel). 


A series circuit of four fixed precision compensating 
resistors mounted on each plug-in decade board. The 
ohmic values of these compensating resistors in the 
first decade (extreme right hand location) are 1 ohm, 
2 ohms, 4 ohms, and 8 ohms, constituting abinary sys- 
tem. Ohmic values of the compensating resistors in the 
and, 3rd, 4th, and 5th decades are respectively 10,- 
100, 1000, and 10,000 times the ohmic values of the 
compensating resistors in the first decade. 


In the digital voltmeter, the compensating resistors of 
one decade are connected in series with the compen- 
sating resistors on all other decades. Each compen- 
sating resistor (on whatever decade) is shunted bya set 
of normally-open compensating relay contacts identi- 
fied by the numbers 11, 21, 41, or 81. Closure of any 
one set of compensating relay contacts reduces the to- 
tal compensating-string resistance in the instrument 
by the ohmic value of the resistor associated with the 
particular set of compensating relay contacts that are 
closed. Coils of the compensating relays are in series 
with plate circuits of the pulse counter tubes described 
in detail on page 26, ''Pulse Counting Circuit". 
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d. A series circuit of four fixed precision feedback resis- 
tors also are mounted on each decade board. (The above 
remarks about compensating resistors apply to the feed- 
back resistor circuits as well, except that feedback re- 
lays are identified by the numbers 10, 20, 40, or 80. 
The feedback resistor circuit is grounded between pin 
D1R3 and the armature of RY3 on the chassis. It should 
also be noted that the junction of the compensating and 
feedback resistor strings at D5R4 and D5R2 is connect- 
ed to pin 2 of the chopper. Thus, the feedback voltage 
(which is compared to the unknown input voltage) is de- 
veloped between pin 2 of the chopper and ground. 


e. Chassis RY3 contacts are provided to open the reference 
battery circuit when the digital voltmeter is not inuse. 


£. Chassis RY2 contacts are used in automatic or manual 
polarity indication. 


weeeee Error Signal 


The chopper driving coil is connected through a phase-shifting 
network to the 60-cycle line voltage. Thus the chopper samples 
the unknown input voltage at pin 4 and the feedback voltage at 
pin 2 at a rate of 120 samplings per second. If the unknown in- 
put voltage and the feedback voltage are not equal to eachother, 
a square wave type error signal is conducted from pin 3 of the 
chopper to the amplifier input. 


------ Amplifier 


The amplifier receives the error signal from the chopper, amp- 
lifies it, compares its phase with that of the 350 volt 60 cycle 
voltage at the plates of the 5696 thyratrons, and sends out ei- 
ther "up'' pulses from AF7 or "down" pulses from AF8. The 
pulses go to the pulse-counting circuit on the first decade thr- 
ough the contacts of RY17 and RY18 on the decimal polarity 
board. These relays are energized only when a negative polar - 
ity sign is indicated in the visual readout, as described on page 
40, "Automatic Polarity Indication Circuits". 
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-~----- Pulse Counting Circuit 


The pulse counting circuit of the first decade is indentical to 
that of all the other decades. It consists of four 5963 twin tri- 
odes connected as a pulse-dividing counter. 


Table III and Figure 13 identify the decade circuits which con- 
tain: (1) compensating relay coils; (2) feedback relay coils; and 
(3) binary to decimal conversion relay coils for visual readout 
display. 


Table I1l Identification of Relay Coils Connected in Plate Circuits of Each 
Decade Pulse Dividing Counter. 

FIRST PLATE SECOND PLATE 

SECTION (P1) SECTION (P2) 
RELAYS I 

vi {v2 |v3 {v4 vi ivz2 [v3 [v4 

FEEDBACK | 410 | 20 40 | 80 # None | None | None | None 
RELAY NO, 
COMPENSAT - | 


CONVERSION 10B 


RELAYS 
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The counter circuits are arranged in such a manner that the 
first or second plate circuit of any one counter tube is always 
conducting, but both plate circuits never conduct simultaneous -~ 


ly. 


Table IV identisies the decade relays which are energized or 
de-energized when displaying a particular digit in the readout 
window associated with that decade. 
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Table IV. Decade Relay Locations and States of Energization or De-ener- 
gization for Each Associated Readout Digit. 


DECADE RELAYS & ASSOCIATED PULSE-COUNTER PLATE 
CIRCUITS 


TO B+ 250 VDC 


C a 
> 10B611B & 20AG21A fe 40Af41 > 80AG 81A 
: 
> 10AG11A > 40 os 86 | 
o> 10 611 
27K $ 27K 33K 2 39K 33KS$ 33K 
6 1 6} 1 
5963 5963 > 
V1 2 
DIGIT* |. Pi | P2 f pi P2 
o ¢ 1] 0 1 36 a ae 1 | o 
1 0 1 1 0 1 0 1 0 
2 1 0 0 1 1 0) 1 0 
3 0 1 ft) 1 1 0 . 0 
4 1 0 1 0 0 1 1 0 
5 0 1 1 0 0 a 1 0 
6 1 0 0 1 0 : 1 0 
7 ) 1 0 1 0 1 1 0 
8 1 0 1 0 1 0 0 1 
9 0 1 1 0 1 0 0 1 
le ne ne a 
NOTE: 


1 Signifies Plate Circuit Conducting, Relays Energized. 
0 Signifies Plate Circuit Not Conducting, Relays De-energized. 
* Digit Displayed in Associated Readout Window. 
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"Up" pulses are applied to the counter circuits of the first de- 
cade from pin DIF 18 through a set of normally closed "9" re- 
lay contacts. Transfer of "up" pulses to the next decade is aff- 
ected by operation of the '9" relay whose operating coil is in 
parallel with the '9" indicator lamp in the associated visual 
readout window. 


"Down" pulses arriving at pin DIF15 on the first decade are 
coupled to the number 1| grid of each counter tube through a set 
of normally closed "O" relay contacts and an NE2Z2 neon bulb. 
Transfer of "down" pulses to the next decade is effected by op- 
eration of the decade "O"' relay whose operating coil is in par- 
allel with the 'Q" indicator lamp in the associated visual read- 
out window. 


Visual Readout 


The visual readout device was developed by Non-Linear Sys- 
tems, Inc., for simple, rapid, and effective display of volt- 
ages measured by the digital voltmeter. The readout consists 
of transparent lucite plates upon which are engraved the char- 
acters to be displayed. Each plate is individually and select- 
ively edge-lighted by a small 28-volt lamp, causing the char - 
acters engraved on the plate to appear as a thin, bright, sharp- 
ly defined line against a dark background. Selective lighting of 
the lucite plates is accomplished automatically by supplying 
28 volt direct current to the readout lamps through the logic- 
ally sequenced binary-to-decimal conversion relays mounted 
on the decades. Electrical connections of these relays to the 
readout lamps are shown in the decade 1 block of Figure 13 and 
are identical in all other decades. Digital voltmeters designed 
for recording operation also carry a series of buffer relays on 
each plug-in board. These relays and their functions are dis - 
cussed in detail on page 56, ''Recording Circuits". 


Calibration Circuit 


In general, the absolute value of the balance voltage developed 
across the total active balancing resistors will not agree with 
the visual readout indication until the digital voltmeter is cal- 
ibrated against a known voltage. Calibration is accomplished 
as described on page 39, "Calibration". Components involved 
in the calibration of instrument are the: 
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a. "1,018V" switch 

b. Chassis Relay 4 

c. Miniature certified standard cell 

d. Calibrate rheostat in series with the reference battery 


and the precision compensating and feedback voltage 
resistor strings. 


Detailed functional description of the calibration circuit comp- 
onents is described on page 37. 


----FUNCTIONAL OPERATION 
woonee General 


In the functional description of the voltage measuring and visual 
display circuits, it is assumed that the Model 519-P digital 
voltmeter is connected as shown in Figure 5. In addition, the 
print-command switch is maintained closed to enable the visual 
readout to indicate continuously the magnitude of the unknown 
input voltage. As long as the print-command switch remains 
closed, the recording device is held inoperative and will not 
print the numerical value of the measured voltage. Detailed 
functioning of the recording circuits is described on page 56, 
"Recording Circuits". It is further assumed that the voltage to 
be applied to the digital voltmeter is positive, and is in the 
range from 00.000 to 99.999 volts. Detailed functional descrip- 
tion of the automatic polarity and decimal shift circuits appears 
on page 40, "Automatic Polarity Indication Circuits'', and page 
45, 'tAutomatic Decimal Shift and Ranging Circuits". 


meena Initial Conditions 


Operation of the "Power" switch to the. ON position applies 115 
volts alternating current to the primary of the 1 15-28 volt step- 
down transformer. The secondary of this transformer supplies 
28 volts alternating current to the full-wave dry-plate rectifier 
resulting in 28 volts direct current becoming immediately avail - 
able at terminals PSR8 and PSF15. Terminal PSR8 is ground- 
ed at the visual readout, while chassis printed circuit lines con- 
duct positive 28 volt direct current from PSF15 to pin F14 at 
each decade position, and to DPF15 on the decimal-polarity 
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board. 


Since the decade decoding relays are not yet powered, due to 
absence of B+ voltage at the counter tubes, positive 28 volt 
direct current is conducted from the F14 terminal of each de- 
cade to the associated readout "5"! lamp through the normally- 
closed contacts of relays 40A, 21A, and 10B. Likewise, the 
readout '+'' lamp is energized through the normally closed 
decimal-polarity relay 12, and the decimal #2 lamp is ener- 
gized through the normally closed contacts of decimal-~polarity 
relays 13 and 14. Immediately after operation of the "Power" 
switch to the ON position, the visual readout will indicate a 
"4555.55" regardless of the magnitude or polarity of the un- 
known voltage applied to the input leads of the instrument. In 
P-series models, the 105 buffer relays are also energized at 
this time because their coils are in parallel with the ''5" read- 
out lamps. As indicated above, recorder operation is described 
on page 56, so no further consideration of buffer relay circuit 
operation will be made at this point. 


"Power'' switch closure also instantly energizes the chopper 
coil. Further, closure of the "Power" switch applies 115 volts 
alternating current to the filaments of the counter tubes in de- 
cades 2, 3, 4, and 5 in series with a 50-ohm 10 watt resistor. 
The 28 volt alternating current line powers the series decade 
1 filaments in parallel with the series decimal-polarity fila- 
ments. Amplifier filaments are all connected in parallel across 
the 6.3 volt alternating current winding of the power transfor - 
mer terminals 6 and 8, as well as the 12AX7 and 6AS7G fila- 
ments in the power supply. In addition, closure of the "Power" 
switch makes 350 volts alternating current available from the 
power transformer terminal 5 to AF10 for plate voltage to the 
two 5696 thyratrons in the amplifier. 


Approximately 30 seconds after operation of the ''Power" switch 
to the ON position, filament temperatures in the power supply 
have increased to the point where 250 volts direct current, +150 
volts direct current and -150 volts direct current is available 
at the PSF6, PSF11, and PSF10 terminals, respectively, for 
distribution to various points in the instrument as indicated in 
Figure 13. The digital voltmeter will now display the polarity 
and magnitude of the unknown voltage appliedto the input leads. 
Whenever the Model 519-P voltmeter indicates a positive volt- 
age in the range from 00.000 to 99.999, various relays on the 
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chassis, range unit and decimal-polarity board are in the ener- 
gized or de-energized states shown in Table V. 


Table V Location and Function of Relays Which Do Not Change Their 
States When Making Measurements in the Range from 00.000 


to: 99.999. 
ta i 
RELAY |RELAY| RELAY RELAY CONTACT 
LOCATION; NO. STATE FUNCTION IN SHOWN STATE 


1&2 Energized | Selects proper reference battery polarity 
to indicate a positive voltage at readout. 


Connects reference battery to compen- 

Chassis 3 Energized| sating and balance resistor circuits only 
after ''Power'' switch is operated to ON 
position. 


4 Not Connects unknown input voltage to input 
Energized] end of ranging resistor. 


Connects unknown input voltage from in- 
16 Not 


Range Unit put end of ranging resistor to chopper 


pin 4 through normally closed relay 16 
Energized! contacts and 100, 000 ohm resistor. 


13 Energized | Lights extreme left (decimal#1) lamp in 
visual readout. 
12 Not Lights "+! lamp in visual readout. 
Energized 
17 


Not Connects amplifier "up" pulse line (AF7) 
Energized| to lst decade "up" pulse line (DIF 18). 


Not Connects amplifier "down" pulse line 
Board 18 Energized} (AF8) to lst decade "down!" pulse line 
(D1F15). 


Disconnects amplifier thyratron cathodes 
from ground in decimal-polarity board to 

1 Energized| enable the digital voltmeter immediately 
to change its visual readout to corre- 
spond to the magnitude of the unknown 
input voltage. 


at 


Decimal- 
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Table VI Compensating and Feedback Resistances for Particular Visual 
Readout Indications. 


OHMS 


VISUAL PRECISION 
READOUT DECADE NUMBER | TOTAL 
DISPLAY || RESISTORS OF FIVE 
| DECADES 
Compensating | 150, 000 1,500 | 150 15 166, 665 
00.000 || Feedback | | Oo! o| 0 
| 150, 000 ae 1,500 |150/15/ 166,665 
Compensating | 150,000 | 15,000 | 1,500] 150|14| 166, 664 
00.001 || Feedback =| 0 | Oo} 940): “Od. a] 1 
Sa EE 
Total 150, 000 | 15,000 | 1,500 | 150 | 15 | 166, 665 
Compensating | 150, 000 | 15,000 | 600 | 150} 12 165, 762 
{ 
00. 903 Feedback 0) 0 | 
= 
Total 150, 000 | 15,000 | 166, 665 


150, 000 


Compensating 14, 000 165, 647 


01.018 Feedback 0 1,000 


| 150, 000 | 15, 000 1, 500 | 


1,018 


Total 166, 665 
Compensating | 60,000; 6,000 66, 666 
99.999 || Feedback 90,000 | 9,000 99,999 


Total 166, 665 


Panes 
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wooeee Automatic Feedback Voltage Synthesis 


When the visual readout indicates 00.000 volts, all of the feed- 
back relays in each decade are energized and their contacts 
short circuit the associated precision feedback resistors. In 
this condition, a resistance of zero ohms is developed between 
the grounded pin D1R3 and the chopper pin 2. At the same time 
all of the compensating relays are de-energized, resulting in 
166, 665 ohms in the compensating resistor string between pin 
D1R1 and chopper pin 2. Table IV indicates that when a feed- 
back relay in any decade is energized, its associated compen- 
sating relay is de-energized. Thus, the sum of the active re- 
sistors in the compensating and feedback resistor strings is al- 
ways constant at 166,665 ohms, regardless of the readout in- 
dication. Table VI shows the amount of active resistance inthe 
computing and feedback resistor strings in each decade, and in 
the total circuit for various readout indications. 


It is easy to see that if the calibration rheostat is adjusted to 
permit one milliampere to flow through the constant 166, 665 
ohm sum of the compensating and feedback resistors in series, 
each ohm of resistance will develop a drop of one millivolt. 


Let it be assumed that the amplifier gain is set at one millivolt, 
the current through the compensating and balance circuit is 
equal to one milliampere, and the visual readout display is 
00.000 volts. Let the unknown input voltage be increased to 
00.001 volts. The chopper samples the 1 millivolt input volt- 
age and the zero balance voltage developed between D5R4 and 
D1R3 (ground). The resulting one millivolt error signal is sent 
to the amplifier, which in turn sends out an "up" pulse to the 
first decade. This ''up' pulse is coupled to both grids of the 
first counter tube (VI) through a 50 micromicroforad condenser. 
The positive "up" pulse at grid 1 (pin 7) of V1 has no effect on 
the conduction of the first section of Vl. The same "up" pulse 
appearing at grid 2 (pin 2) of V1, however, biases the second 
section of V1 to conduction. As a result of this conduction the 
plate voltage at pin 1 of V1 decreases and biases the first sec- 
tion of V1 to cut-off. 


When section 1 of V1 stops conducting, the plate voltage at pin 


6 rises and maintains grid 2 at conducting potential even after 
the original "up"' pulse has disappeared. This shift in conduct - 
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ion from the first section to the second section of V1 is shown 
in Table IV. Extinction of section 1 of V1 de-energizes the three 
10-series relays while the newly established conduction of sec- 
tion 2 of V1 energizes the three ll-series relays. De-energi- 
zation of relay 10 causes its contacts to unshort the 1 ohm feed- 
back resistor in the first decade. Since the current through the 
compensating and feedback circuits is constant at 1 milliampere 
the change in feedback string resistance from zero to lohm re- 
sults in the developement of 1 millivolt drop between the chopper 
pin 2 and ground. Energization of relay 1] causes its contacts 
to short circuit the 1 ohm compensating resistor in the first 
decade. This condition is shown in Table VI for the visual read- 
out indication of 00.001. 


We note further that when the visual readout indication showed 
a0" in the lst decade position, the ''0'' readout lamp was en- 
ergized by 28 volts direct current through: 


a. Closed normally-open 40A relay contacts. 
b. Closed normally-open 20A relay contacts. 
Cz Normally closed 11B relay contacts. 

d. Closed normally-open 80A relay contacts. 


After the shift in conduction from the lst to the 2nd section of 
V1 (which resulted from one ''up" pulse entering the Ist decade), 
relay 11B closes its normally open contacts to energize the lst 
decade ''1'' readout lamp. The visual readout display now shows 
"400.001''. Because the chopper coil is continuously energi- 
zed from the 60 cycle line, the chopper continues sampling the 
input voltage and the synthesized feedback voltage. These volt- 
ages are now equal to each other and no error signal is sent to 
the amplifier. Thus, no additional ''up" or ''down'' pulses are 
sent out from the amplifier to the decades, and the digital volt- 
meter is said to have reached a condition of balance. This bal- 
anced condition will be maintained indefinitely unless the input 
or synthesized balance voltages change by at least one milli- 
volt. 


If the unknown input voltage is increased from 00.001 to 00.002 
volts, asecond "up" pulse appears at the first decade pin DIF 18. 
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This second pulse restores V1 to its original or zero" conduc - 
tion state with the consequent de-energization of the 1l-series 
relays and energization of the 10-series relays. When the sec- 
ond section of V1 stops conducting, the plate voltage at pin lof 
Vl rises to maintain conduction of the first section of V1. The 
rise in voltage at pin 1 of V1 appears at pin 2 of V2 as a posit- 
ive pulse, biasing section 2 of V2 to conduction and energizing 
the 2l-series relays. At the same time, section 1] of V2 stops 
conduction and de-energizes the 20-series relays. The action 
of V1 and V2, upon receipt of a second "up" pulse at the first 
decade, operates to: 


a. Remove one ohm from the feedback resistance string. 

b. Insert one ohm in the compensating resistance string. 

Cc. Extinguish the first decade '1" readout lamp. 

d. Remove 2 ohms from the compensating resistance 
string. 

e. Insert 2 ohms to the feedback resistance string. 

f, Energize the first decade ''2" readout lamp. 


Asaresult of changing the input voltage from 00.001 to 00.002 
volts, the visual readout display changes from '+00.001'' tothe 
"400.002", again establishing an equality of the input and bal- 
ance voltages. This equality results in a zero error signal 
which precludes further amplifier pulse output as long as this 
equality is maintained. 


In the preceding discussion it should be noted that the second, 
third, fourth, and fifth decades are unaffected. by pulses arriv- 
ing at the first decade because they are isolated from the first 
decade input pulse lines by the normally open NOM and. O" re 
lay contacts of the first decade. 


Now consider the circuit actions when the input voltage is chang - 
ed from 00.009 to 00.010 volts. When the visual readout indi- 
cates ''+00.009", the relays in the counter tube plate circuits 
of the first decade are in the states shown in Table IV for the 
"9" digit readout display. In addition, the first decade ''9" 
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transfer relay is now energized because the coil of the''9'' re- 
lay is in parallel with the first decade ''9"' readout lamp. Ener- 
gization of the '9' transfer relay disconnects the first decade 
counter circuit from the ''up" pulse line at DIF18. Likewise 
upon energization of the '9"' transfer relay, closure of the nor- 
mally open ''9" relay contacts connects the counter circuit of 
the second decade to the "up" pulse line at DIF18. 


If the input voltage is now increased from 00.009 to 00.010 
volts, the resulting "up" pulse by passes the first decade count- 
ing circuit and enters the second decade counting circuit. The 
second decade counter tube plate circuit relays now assume the 
state shown in Table IV for the "1" digit readout display. This 
means that 10 ohms have been inserted in the second decade 
feedback resistor string while the first decade maintains 9 ohms 
in its balance resistor circuit. Since the second decade comp- 
ensating relay simultaneously acts to remove 10 ohms from the 
second decade compensating resistance circuit, the sum of all 
active compensating and feedback resistors in series between 
D1R1 and DIR3 remains constant at 166, 665 0hms and the cur- 
rent through this circuit remains constant at 1 milliampere. 
We now have 19 millivolts (10 millivolts in 2nd decade plus 9 
millivolts in lst decade) of feedback voltage drop developed from 
the chopper pin 2 to DIR3. This feedback voltage is greater than 
the input voltage, and the resulting error signal at the ampli- 
fier input is 180 degrees out of phase with the error signal 
whichresults when the feedback voltage is smaller than the in- 
put voltage. The amplifier senses this 180 degree phase shift 
in error signal and now sends out a ''down'! pulse from AF8, 
through the normally closed relay "18" contacts of the decimal 
polarity board to the first decade at pin DIF 15. 


The second decade is unaffected by the "down" pulse because it 
is isolated from the ''down" pulse line by the normally open 
contacts of the first decade '0" transfer relay. The "down" 
pulse appearing at DIF15 is applied to the lst section grids 
(pin #7) of all four counter tubes in the first decade through the 
normally closed "0" transfer relay contacts and four parallel 
NEZ neon lamps. Application of the ''down' pulse to the first 
section grids of all counter tubes in the first decade biases 
these tube sections to conduction resulting in first decade relay 
states shown in Table IV for the ''0" digit readout display. The 
balance voltage now sampled by the chopper is 10 millivolts 
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(10 millivolts in 2nd decade plus 0 millivolts in lst decade), 
which is equal to the input voltage. Since the error signal is 
now zero, no further pulses appear at the amplifier output ter- 
minals and the digital voltmeter is again said to be balanced 
with a visual readout display of ''+00.010" volts. Note that the 
"0" transfer relay in each decade is in parallel with the nov 
readout lamp associated with that decade. Thus, when the read- 
out display is '+00.010'' volts, the first decade counter circuit 
is isolated from the "down" pulse line (DIF15) by the opening 
of the normally closed "0" transfer relay contacts. 


If the input voltage is decreased from 00.010 to 00.009 volts, 
the amplifier sends out a''down" pulse which bypasses the first 
decade counter circuit and is applied to the first section grids 
of all four counter tubes in the second decade through the nor- 
mally closed second decade "0" transfer relay contacts. The 
counter tube plate circuits in the second decade assume $e: 
states shown in Table IV for the ''0"' digit readout display. In 
this condition the momentary total readout display is "+00. 000", 
which indicates that the feedback voltage is momentarily zero. 
However, the input voltage is still 00.009 volts. The resulting 
9 millivolt error signal causes the amplifier to emit an "up" 
pulse changing the readout indication and feedback voltage to 
400.001", An 8 millivclt error signal causes the amplifier 
to emit another "up" pulse which in turn changes the readout 
indication and balance voltage to '+00.002". This process con- 
tinues until the error signal has decreased to zero in 1 milli- 
volt steps and the visual readout indicates "+00. 009'' volts as 
shown in Table VII. The entire change in readout display from 
'+00.010" to ''+00. 009" is accomplished in 10/60 seconds. 
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Table VII Transient Readout Display and Associated Error Signal Magni- 
tude When Input Voltage Changes from 00.010 to 00.009 Volts. 


INPUT MV AMPLIFIER 
DISPLAY & |ERROR| OUTPUT REMARKS 
VOLTS FEEDBACKiSIGNAL;| PULSE 


+00.010 +00.010 po | None Digital Voltmeter at Balance 


+00.009 

+00. 009 
+00.009 
+00. 009 
+00.009 
+00. 009 
+00.009 
+00. 009 
+00.009 
+00.009 


+00.009 | +00.009 Oe ene Digital Voltmeter at Balance 


Note: "terror signal indicates input voltage is greater than the feed- 
back voltage. 


Transition Period 


"lerror signal indicates input voltage is less than the feedback 
voltage. 
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The foregoing discussion presents the basis for analyzing inde- 
tail the action of the voltage measuring and visual readout dis - 
play circuits for any change of input voltage. 


---+--Calibration 


A first momentary operation of the ''1.018V" switch located in 
the lower left hand corner of the front panel closes the switch 
and maintains 250 volts direct current. through a 68,000 ohm 
resistor to the coil of the calibration relay (chassis relay 4). En- 
ergization of the calibration relay coil opens the normally closed 
relay 4 contacts, disconnecting the unknown input voltage from 
thetop of the range unit voltage divider. Consequent closure of 
the normally open relay 4 contacts connects a certified minature 
standard cell tothe top of the range unit voltage divider through 
2 4700 ohm resistor. The visual readout then should indicate 
401,018" volts after the '1.018V" switch is operated to the 
ON position. A second momentary operation of the "1.018V" 
switch opens the switch and de-energizes chassis relay 4. 


A readout display greater than'"'01. 018" indicates that the cur- 
rent through the compensating and feedback resistors is too low, 
while a readout display lower than "01.018" indicates that the 
feedback resistor current is too high. The visual readout display 
can be controlled by manually adjusting the calibration rheostat 
in series with the reference battery and the compensating and 
feedback resistor strings. Table VI indicates the portion of the 
total feedback string resistance contributed by each decade for 
a visual readout display of ''01. 018" volts. The feedback resistor 
current can be calculated as follows: 


01.018 volts 2 0.001 amperes = 1 milliampere 
1018 ohms 


This calculation explains the reason for the previous assump-~ 
tion (page 33) that the current through the feedback and compen- 
sating resistors is 1 milliampere. 
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AUTOMATIC POLARITY INDICATION CIRCUITS 
----REQUIREMENTS 


When a voltage applied to terminal 1 of the input voltage recep - 
tacle (clip covered with a red boot) is positive with respect to 
terminal 2 of the receptacle (bare clip), the polarity sign pre- 
fixing the numerical readout display should show as ''+''. When 
the polarity of the applied voltage is reversed, the visual read- 
out polarity sign should change to '"'-"'. 


----DESCRIPTION 


The components involved in the automatic polarity indication 
circuits are shown in Figure 13 and are listed below: 


Chassis relays 1] and 2. 

A 5963 electron tube (V5) and associated circuits on the decimal 
polarity board. 

Decimal-polarity relays 17 and 18. 

Transfer relay 0 in decades 1, 2, 3, and 4. 

Relay 81A in decade 5. 

Decimal-polarity relay 0. 

Decimal-polarity relay 12. 

Visual readout '+'' indicator lamp. 

Visual readout ''-'' indicator lamp. 


----FUNCTIONAL OPERATION 
wee ene Initial Conditions 
Table VII shows the state of the automatic polarity indication 


circuit components when a''+'' sign is displayed in the visual 
readout. 
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Table VII State of Automatic Polarity Indication Circuit Components for 
a''t+" Visual Readout. 


a Ce 


ENERGIZED NOT ENERGIZED CONDITIONAL 


Relay 0 in decades 1, 2,3, and 4 are 
energized only when associated visual 
readout windows display ''0". 


Chassis Relay 1| Decimal Polarity 
Relay 17 


Chassis Relay 2}- 
Decimal Polarity 
Relay 18 


Relay 81A in 5th decade i8 energized 
only when associated visual readout 
Second Triode window displays "0". 
Section of V5 
Decimal Polarity 
"4" Visual Relay 12 


Readout Lamp 


Relay 0 on decimal polarity board is 
energized only when the associated 
visual readout window displays "0". 


Ne nn 


eeeen- Change of Readout Display from malt gg wa 


From the previous discussion of the voltage measuring circuits, 
we observe that the amplifier emits 'up''-pulses whenever the 
potential at chopper pin 4 is greater than the potential at chop- 
per pin 2. Likewise, the amplifier emits ''down!" pulses when - 
ever the potential at chopper pin 4 is less than the potential at 
chopper pin 2. 


Inorderto examine in detail the various circuit functions invol- 
ved in automatically changing the readout polarity display from 
Natt to 2, let us assume that the readout display is now at 
"479,503". If the input voltage to the digital voltmeter is sud- 
denly changed from +79. 503 to -79.503 volts, the potential at 
the chopper pin 4 beconvessnegative (or less than the potential 
at chopper pin 2) resulting in"down" pulses appearing at DIFI5. 


The first "down" pulse enters the first decade counting circuit 
and momentarily changes the readout display to "+79. 500" at 
which time the first decade relay 0 is energized, permitting 
subsequent ''down" pulses to by pass the first decade counting 
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circuit and appear at the second decade "down" pulse input pin 
D2F15. The second decade relay 0 is already energized because 
the original readout display shows a ''0" in the second readout 
window from the right. Thus, the ''down" pulse line is now con- 
tinuous from the amplifier ''down" pulse output pin AF8 to pin 
D3F15. The balance potential at chopper pin 2 is still higher at 
+79.500 volts than the -79.503 volts at pin 4 of the chopper. 
The second "down" pulse enters the third decade counting cir- 
cuit and reduces the readout display to '+79.000". The third 
decade relay 0 is now energized, allowing the third "down!" 
pulse to enter the counting circuit of the fourth decade to mo- 
mentarily reduce the visual readout display to "+70. 000". The 
fourth "down" pulse arrives at D5F16 through the now closed 
relay 0 contacts of decades 1, 2, 3, and 4, and the normally 
closed contacts of decimal-polarity relay 0. Thus, the fourth 
"down! pulse reduces the readout display to 400.000". When 
the fifth decade relay 80A closes to energize the fifth decade 
readout ''0" indicator lamp, the decimal polarity relay 0 is also 
energized. Closure of the normally open decimal-polarity re- 
lay 0 contacts connects the ''down" pulse line from the fourth 
decade to both grids of the automatic polarity control tube V5 
(on the decimal-polarity board) through a pair of 50 micromi- 
crofarad coupling condensers. 


Since the input voltage of -79.503 volts at chepper pin Ais still 
lower (less positive) impotential than zero volts at chopper pin 
2, when the readout display is ''+00.000", the amplifier con- 
tinues to send out "down" pulses. The fifth "down" pulse (after 
input voltage polarity reversal) is applied to the grids ofdecimal- 
polarity V5 through the now closed, normally open, contacts of 
decimal-polarity relay 0. This "down" pulse has no effect on 
the existing conduction of the second triode section of V5, which 
energizes chassis relays 1 and 2. The appearance of the "down" 
pulse at pin 7 of V5 biases the first triode section of V5 to con- 
duction and thereby energizes decimal~polarity relays 12, 17, 
and 18. The newly established conduction in the first section of 
V5 causes the potential at pin 6 of V5 to decrease, which in 
turn appears at pin 2 of V5 as a negative pulse. This negative 
pulse biases the second section of V5 to cut-off and thereby de- 
energizes chassis relays 1 and 2. The consequent rise in poten- 
tial at pin 1 of V5 maintains conduction of the first triode sec- 
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tion of V5 even after the initiating fifth "down" pulse has dis - 
appeared. 


De-energization of chassis relays 1 and 2 reverses the polarity 
of the reference battery voltage applied to the compensating and 
feedback resistor strings in series. When chassis relays land 
2 are de-energized, the potential at chopper pin 2is always 
zero or negative with respect to the grounded pin D1R3. Enex= 
gization of decimal-polarity relay 12 removes +28 volts dir- 
ect current from the visual readout "+'' indicator lamp and 
applies it through the now closed, normally open relay 12 con- 
tacts to the visual readout '-" indicator lamp. Energization of 
decimal-polarity relay 17 disconnects the decade "up" pulse 
line (DIF18) from the amplifier "up" pulse output pin AF7 and 
connects it to the amplifier ''down" pulse output pin AF8. 


Simultaneous energization of decimal-polarity relay 18 discon- 
nects the decade "down" pulse line (DIF 15) from the amplifier 
"down" pulse output pin AF8 and connects it to the amplifier 
'yup' pulse output pin AF7. As a result of energizing the dec- 
imal-polarity relays 17 and 18, the decades recognize "down"! 
pulses from the amplifier as ''up" pulses, and"up" pulses from 
the amplifier as 'down" pulses. Thus, when the visual readout 
displays a''-" sign, the decades count upward upon receipt of 
"down" pulses from the amplifier. 'Down" pulses which cause 
the decades to count upward (when the visual readout indicates 
a"-'! sign) shall henceforth be called "'-up"' pulses. When the 
visual readout displays a ''-"' sign, "up" pulses from the amp- 
lifier cause the decade counter tubes to assume the state shown 
in Table IV for the'"'0" digit readout display. 'Up" pulses which 
cause the decade counter tubes to assume the "0" state shall 
henceforth be referred to as ''-down" pulses. 


After energization of decimal-polarity relay 12 has changed the 
visual readout polarity display from ''+" to n_u the negative 
potential on chopper pin 2 is still too high (too positive) with 
respect to the -79.503 volts at chopper pin 4. The chopper 
samples the potentials at pins 4 and 2, and sends an error sig- 
nal to the amplifier which results in the appearance of ''-up" 
pulses at the decades. The decades now count upward in the 
manner described on page 33 (Automatic Feedback Voltage Syn- 
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thesis) until the synthesized balance potential at chopper pin 2 
equals the input potential at chopper pin 4. When this equality 
has been established, the error signal becomes zero; and no 
further pulses are delivered by the amplifier to the decades. 
The visual readout now displays '-79.503'' and the digital volt- 
meter is said to have reached a balance. 


Change of Readout Display From "-'"' to "4" 


Detailed functional operation of automatic polarity indication 
components for a change in readout display from '"-00.050" to 
"+00.050'' is described below. The following discussion is cen- 
tered about a numerical readout display of "00.050" rather than 
the previously chosen '79.503" inorder to demonstrate that the 
logic of the automatic polarity indication circuit components is 
unaffected by the numerical display of the readout, and to fur- 
ther expand an appreciation of decade circuit action. 


When the visual readout displays "-00.050'' volts, the following 
relays in the automatic polarity control circuits are en.:<sgized: 


a. Relay 0 in decades 1, 3, and 4. 

b: Relay 81A in decade 5. 

oe Relay 0 on decimal-polarity board. 

d. Relays 17 and 18 on decimal-polarity board. 
e. Relay 12 on decimal-polarity board. 


Under this same condition the following relays in the automatic 
polarity control circuits are de-energized: 


a. Chassis relays 1 and 2. 
b. Relay 0 in decade 2. 
If the input voltage to the instrument is now suddenly changed 


from -00.050 to +00.050 volts, the balance potential at chop- 
per pin 2 will be lower (less positive) than the input potential 
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at chopper pin 4. The resulting output of '-down'"' pulses (bona 
fide" up"! pulses) from the amplifier will change the readout in- 
dication first to ''-00.000" and then to ''+00.000", leaving the 
decimal-polarity relays 12, 17, and 18 in the de-energized po- 
sition. De-energization of relay 12 changed the "-" readout 
display to "+". 


De-energization of relays 17 and 18 permits the decades to rec- 
ognize amplifier output "up" pulses as bonafide "up" pulses at 
the decade up-pulse input terminal D1F18. "Down" milses from 
the amplifier are recognized as bona fide "down" pulses at the 
decade down-pulse input terminal DIF 15. After de-energization 
of relays 17 and 18 the amplifier recognizes that the potential 
at chopper pin 2 is lower than that at chopper pin 4, The result- 
ing "up" pulses will cause the readout indication and balance 
voltage to increase to''+00.050'' volts, at which time the error 
signal becomes zero and the digital voltmeter is said to have 
reached a balance. 


AUTOMATIC DECIMAL SHIFT AND RANGING CIRCUITS 
----REQUIREMENTS 


Multi-range digital voltmeters having automatic decimal shift 
and ranging provisions automatically displays in the visual read- 
out an illumined decimal point in the positions shown in Table 
IX. 


----DESCRIPTION 


The circuits and components involved in the automatic decimal 
shift and ranging functions are shown in the decimal-polarity 
and range unit blocks of Figure 13. They are identical in all 
models of digital voltmeters which incorporate these automatic 
features. 


Figures 6, 7, and 8 show the decimal shift circuits and asso- 


ciated components isolated from the rest of the digital volt- 
meter circuitry in order to facilitate a grasp of the functional 
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aspects of the circuit action in shifting from one range of oper- 
ation to another. 


----FUNCTIONAL OPERATION 


Reference to Table IX indicates that digital voltmeters having 
a5digit readout display are presently limited to two-range op- 
eration. In order to describe fully all possible transitions from 
one operating range to another, the functional description con- 
tained herein is based on a four-digit instrument. Extensions 
of functional operation to 5-digit and 3-digit instruments can 
readily be made by observing the appropriate numerical limi- 
tations appearing in Table IX. 


Table IX Decimal Point Locations in Multi-range Digital Voltmeters. 


DIGITAL VOLT- MEASURES!|VOLTAGES {| DECIMAL POINT 
| RANGE 
METER TYPE i ; FROM TO LOCATION 
| Low 00.001 99.999 Position 1 
5 Digit | Middle | 099.99 996.99 | Position 2 


High 
4 =Low | Position 
4 Digit | Middle | 09.99 | Position 2 
| High 099.9 | 999.9 | Position 3 
{ 
4 Low 001 -999 Position 1 
3 Digit | Middle | 99 | 9.99 | Position 2 
; High 09.9 99.9 Position 3 
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Figure 6 State of Automatic Decimal and Ranging Components in a 3-Range 
Instrument When Operating in the Low Range. 
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Initial Conditions -- Low Range 


Figure 6 shows the state of the automatic decimal and ranging 
circuit components when operated in the range from 0.000 to 
9.999 volts. Note that the first triode sections of V1,-V2, and 
V3 are conducting, and the second triode sections of these tubes 
are not conducting. The circuitry associated with V2 and V3 is 
arrangedin sucha manner that both sections of V2 or V3 never 
conduct simultaneously. Non-conducting triode sections are in- 
dicated in Figure 6 by cross-hatched areas. Identifying symbols 
of energized relays are underlined. Relay contacts are shown 
in their-energized or de-energized positions, as required by 
the states of the associated relay operating coils. 

‘Conduction in the first triode section of V1 energizes the oper- 
ating coils of decimal-polarity relay 13 andrange relay 15. The 
energizing of relay 13 applies 28 volts direct current to the vis- 
ual readout lamp D1 through the normally closed relay 14con- 
tacts and the now closed, normally open, contacts of relay 13. 
Application of voltage to lamp D1 illumines the decimal point in 
position 1 between the third and fourth digits from the right. 


In the low range mode of operation, the unknown input voltage 
is applied from the top of the ranging resistor string to chopper 
pin 4 through: 


a. The now closed, normally open, contacts of range relay 
15. 
b. The normally closed contacts of range relay 16. 


In low range operation, the voltage applied to chopper pin 4 is 
equal to the unknown input voltage. 


Shift From Low Range to Middle Range 


Let us assume that the visual readout displays '+9.999" volts. 
In this condition, the transfer relay 9 in each decade is ener- 
gized, establishing a direct path for "up" pulses from DPF 10, 
through the four decades, to DPR11. If the input voltage is now 
increased by 0.001 volts, a consequent "up" pulse appears at 
DPR11 and is applied to the grid of the second triode section of 
V2 (pin 2). This "up" pulse at pin 2 biases section 2 of V2 to 
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conduction as shown in Figure 7. When section 2 of V2 conducts, 
the potential at pin 1 of V2 and the potentials at pin 7 of V1 and 
V2 decrease below cut-off. This results in non-conduction in 
the first triode sections of V1 and V2. 


Cut-off of section 1 of V2 de-energizes relay 22 and restores 
closure of the normally closed relay 22 contacts in series with 
DPRI11 and grid 2 (pin 2) of V3 in preparation for a possible 
subsequent shift from middle to high range operation. 


Cut-off of section 1 of V1 de-energizes decimal-polarity relay 
13 and range relay 15. The de-energizing of relay 13 transfers 
+28 volts direct current from visual readout lamp D1 to lamp 
D2. The illumined decimal point now appears in the decimal 
#2 position between the second and third digits from the right. 
The de-energizing of relay 15 transfers the connection of chop- 
per pin 4 from the top to the bottom of the 10 megohm string of 
ranging resistors. This shift in connection of chopper pin 4 
results in a decrease of potential at chopper pin 4 by a factor 
of 10. 


Immediately after the de-energizing of relay 13 and relay 15, 
the numerical display of the visual readout is '+99. 99" volts, 
while the input to the digital voltmeter is +10.00 volts and the 
potential at chopper pin 4 is 1. 000 volts. At this instant the feed- 
back voltage synthesized within the digital voltmeter is 9.999 
volts, The error signal resulting from the difference in potent - 
ial at chopper pin 4 and the synthesized feedback voltage at chop- 
per pin 2 causes the amplifier to send out sufficient 'down" 
pulses to decrease the readout display to ''+00.00" which cor- 
responds toa zero feedback voltage. After this momentary dis-~ 
play of ''+00.00", the amplifier sends out "up'' pulses and the 
balance voltage is built up in the manner described on page 33 
{Automatic Feedback Voltage Synthesis) until it is equal to 1.000 
volts. 


At this time, the visual readout displays '+10.00" volts. The 
digital voltmeter is now operating in the middle range from 
10. 00 to 99.99 volts, and the decimal point in the visual read- 
out is correctly positioned between the second and third digits 
from the right. Note that the sensitivity of the digital voltmeter 
is now + 10 millivolts. Figure 7 shows the state of the auto- 
matic decimal and ranging circuit components when the digital 
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Figure 7 State of Automatic Decimal and Ranging Components ina 3-Range 
Instrument When Operating in the Middle Range. 
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voltmeter is operating in the middle range. 


Shift From Middle to High Range 


Let us now assume that the applied voltage and visual readout 
display are ''+99.99"' volts. If the input voltage is now increas - 
ed by 00.01 volts, a consequent "up" pulse is transmitted from 
DPR10, through the now closed relay 9 contacts in the four de- 
cades, to DPR11 from whence it is conducted tothe second tri- 
ode grids (pin 2) of V2 and V3 as shown in Figure 7. The pos- 
itive "up'' pulse appearing at grid 2 of V2 has no effect because 
the second section of V2 is already conducting. However, the 
appearance of the "up" pulse at grid 2 of V3, biases section 2 
of V3 to conduction. As a result of this conduction, the poten- 
tial at pin 1 of V3 decreases, which in turn biases section 1 of 
V3 to cut-off. Non-conduction of section 1 of V3 causes the po- 
tential at pin 6 of V3 to rise. This rise is communicated to pin 
2 of V3 and maintains conduction of section 2 of V3 even after 
the initiating "up'' pulse has disappeared. Further, the rise in 
potential at pin 6 of V3 biases section 2 of V1 to conduction. 
This conduction energizes decimal-polarity relay 14 and ran- 
ge relay 16. 


The energizing of relay 14 transfers +28 volts direct current 
from visual: -adout lamp D2 to lamp D3. The illumined decimal 
point now appears in the decimal #3 position between the first 
and second digits from the right. The energizing o- relay 16 
transfers the connection of chopper pin 4 from the junction of 
the 10 megohm and 1 megohm ranging resistors to the junction 
of the 1 megohm and 111,110 ohm ranging resistors. This shift 
in connection of chopper pin 4 results ina decrease of potential 
at chopper pin 4 by a factor of 10. 


Immediately after the energizing of relay 14 and relay 16, the 
numerical display of the visual readoutis '+999.9" volts, while 
the input to the digital voltmeter is 100.0 volts and the poten- 
tial at chopper pin 4 is 1.000 volts. At this instant, th: teed- 
back voltage synthesized within the digital voltmeter is 9. 999 
volts. The error signal resulting from this difference in poten- 
tial at chopper pin 4 and the synthesized feedback voltage at 
chopper pin 2 causes the amplifier to send out sufficient "down" 
pulses to decrease the readout display to ''+000.0", which cor- 
responds to a zero feedback voltage. 
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After momentary readout display of '+000.0'" the amplifier 
sends out "up" pulses and the feedbackvoltage is built up in the 
manner described on page 33 (Automatic Feedback Voltage Syn- 
thesis) until it is equal to the chopper pin 4 potential of 1.000 
volts. At this time, the visual readout displays ''+100.0" volts. 
The digital voltmeter is now operating in the high range from 
100.0 to 999.9 volts and the decimal point in the visual readout 
is positioned between the first and second digits from the right. 
Note that the sensitivity of the digital voltmeter is + 100 milli- 
volts when operating inthe high range. Figure 8 shows the state 
of the automatic decimal and ranging circuit components when 
the digital voltmeter is operating in the high range. 


Shift From High to Middle Range 


Let it be assumed that the applied voltage and visual readout 
display are '+100.0" volts. If the input voltage is decreased 
by 100 millivolts the readout display changes from ''100.0!'' to 
"099.9" volts. In this condition, we note that the readout window 
associated with the fourth decade displays a "0". Reference to 
Table IV and the Decade 1 circuit diagram in Figure 13 shows 
that relay 80A in any decade is energized whenever the counter 
tubes in that decade are in the''zero'' condition. The energizing 
of relay 80A on decade 4 in turn energizes decimal-polarity 
relay 1l. The energizing of relay 11 closes the normally open 
relay 11 contacts, thereby establishing continuity for a subse- 
quent down pulse from the armature of decimal-polarity relay 
18 tothe armature of relay 21 througha 120,000 ohm resistor. 
Note in Figure 8 that during operation inthe high range the sec- 
ond triode sections of V1, V2, and V3 are conducting, and the 
normally closed contacts of relay 21 are open. 


When the voltage applied to the digital voltmeter is reduced to 
99.9 voits, the readout display becomes ''+099. 9" and the poten- 
tials at chopper pin 4and chopper pin 2 are equal at 0.999 volts. 
If the voltage applied to the digital voltmeter is now decreased 
to 99.8 volts, the chopper pin 4 potential decreases to 0.998 
volts. The resulting 1 millivolt error signal causes the ampli- 
fier to send out a ''down!'' pulse to the decades which momen- 
tarily changes the readout display to'"+099. 0" volts and changes 
the feedback voltage at chopper pin 2 to 0.990 volts. However, 
this same ''down!'' pulse is also applied to pin 7 of V3 through 
the now closed relay 11 contacts and the neon bulb N4. The ap- 
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State of Automatic Decimal and Ranging Components in a 3 -Range 
Instrument When Operating in the High Range. 


47K 47K Ry21 
LEGEND 
Ry21 = Relay not energized 
Ry21= Energized relay 
= Triode Section 2 
= not conducting 
1 6 1 
Ne 7 ___\2 
3 8 3 
v3 
Ry4 
: High 
ange 
NI © N4 N3 Input 
Sfondord 
andar 
° Ry22 Cell 
m,no* 


To Chopper Pin 4 


53 


OPERATION AND SERVICE MANUAL 


pearance of this "down" pulse at pin 7 of V3 biases the first tri- 
ode section of ,V3 to conduction. This conduction causes a de- 
crease in potential at pin 6 of V3 resulting in a bias below cut- 
off at pin 2 of V3. Cut-off of section 2 of V3 de-energizes relay 
21 causing closure of the armature of relay 21 to the normally 
closed relay 21 contact which is connected to pin 7 of V2 through 
the neon lamp N2. Cut-off of section 2 of V3 causes the poten- 
tial at pin 1 of V3 to rise. This rise in potential appears at pin 
7 of V3 and maintains conduction of section 1 of V3 after the in- 
itiating pulse has disappeared. The decrease in potential at pin 
6o0f V3 resulting from conduction in section 1 of V3 alsobiases 
section 2 of V1 tocut-off, thereby de-energizing decimal-polar- 
ity relay 14 and range relay 16. 


The de-energizing of relay 14 transfers +28 volts direct cur- 
rent from visual readout lamp D3 to lamp D2. This transfer 
causes the momentary readout display to change from ''+099. 0" 
to '+09.90"'. 


The de-energizing of relay 16 disconnects chopper pin 4 from 
the junction of the 1 megohm and 111, 110 ohm ranging resistors 
and connects it to the junction of the 10 megohm and 1 megohm 
ranging resistors. This shift inconnection of chopper pin 4 re- 
sults in an increase of potential at chopper pin 4 by a factor of 
10, or an increase from .998 to 9.98 volts. At this instant, the 
potential at chopper pin 2 is 0.990 volts. The difference between 
the potentials at chopper pin 4 and chopper pin 2 results in the 
output of amplifier pulses which build up the feedback voltage 
in the manner described on page 33 (Automatic Feedback Volt- 
age Synthesis) until it is equal to the potential of 9.980 volts at 
chopper pin 4. 


The voltage applied to the digital voltmeter is now 99. 80 volts. 
The attenuated voltage applied to chopper pin 4 is 9.980 volts 
and is equal to the feedback voltage of 9.980 volts at chopper 
2. If a tolerance of + 0.1% is applied, the readout display may 
range 100 millivolts above or below the nominal readout dis- 
play of ''+99. 80" volts. Under these conditions, the digital volt- 
meter is operating in the middle range, and the decimal point 
in the visual readout is properly positioned between the second 
and third digits from the right. Figure 7 shows the state of the 
automatic decimal shift and ranging circuit components when 
the digital voltmeter is operated in the middle range. 
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Shift From Middle to Low Range 


Refer to Figure 7 for the initial conditions of the automatic de- 
cimal shift and ranging circuit components when the digital volt- 
meter is operated in the middle range. Assume that the visual 
readout display and input to the voltmeter are 1410.00" volts. 
A 10 millivolt decrease in applied voltage will cause the read - 
out display to change from "+10.00" to 1409, 99'' volts, and 
the attenuated input voltage applied to chopper pin 4 will be e- 
qual to the balance voltage of 0. 999 volts at chopper pin 2. A 
"OQ" in the fifth decade position indicates closure of the decade 
5 relay 80 contacts and consequent energizing of decimal polar - 
ity relay 11. This in turn closes the normally open contacts of 
relay 11. 


If the voltage applied to the digital voltmeter is now decreased 
from 9.99 volts to 9.98 volts, the chopper pin 4 potential de- 
creases from 0.999 to 0.998 volts, while the potential at chop-~ 
per pin 2 momentarily remains constant at 0.999 volts. The 
resulting 1 millivolt error signal causes the amplifier to send 
out a "down" pulse to the decades which momentarily changes 
the visual readout display to ''+09.90" volts, and momentarily 
changes the feedback voltage at chopper pin 2 to 0.990 volts. 


However, this same "down" pulse is also applied to pin? of V2 
and V3 through the now closed relay 11 contacts and neon bulbs 
N2 and N4, respectively. Appearance of the "down" pulse at 
pin 7 of V3 has no effect on section 1 of V3 because itis already 
conducting. Application of the down" pulsetopin 7 of V2, how- 
ever, biases section 1 of V2 to conduction. This conduction 
causes a decrease in potentialat pin 6 of V2, which is commun~ 
icated to pin 2 of V2 and biases section 2 of V2 tocut-off. Cut- 
off of section 2 of V2 causes the voltage at pin 1 to rise. This 
rise in voltage appears at pin 7 of V2 and maintains conduction 
of section 1 of V2 after the initiating "down" pulse has disap- 
peared. The rise in voltage at pin 1 of V2 also appears at pin 7 
of Vl and biases section 1 of V1 to conduction. Conduction in 
section 1 of Vl energizes decimal-polarity 13 and range relay 
15's 


The energizing of relay 13 transfers +28 volts direct current 
from visual readout lamp D2 to lamp D1. This transfer causes 
the momentary readout display to change from ''+09. 90" to the 
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The energizing of relay 15 disconnects chopper pin 4 from the 
junction of the 10 megohm and 1 megohm ranging resistors and 
connects it to the top end of the ranging resistor string. This 
shift in connection of chopper pin 4 results in an increase of 
potential at pin 4 by a factor of 10, or an increase from 0.998 
to 9.980 volts. At this instant, the potential at chopper pin 2 
is 0.990 volts. The error signal resulting from the difference 
in potential at chopper pin’ 4 (9.98 volts) and chopper pin 2 
(0.990 volts) cause the amplifier to send up pulses to the dec- 
ades. These pulses build up the feedback voltage until it is e- 
qual to the potential of 9.98 volts at chopper pin 4. 


The voltage applied to the digital voltmeter is now 9.98 volts 
and is equal to the potential applied to chopper pin 4 and to the 
balance voltage at chopper pin 2. If a tolerance of + 0.1% is 
applied, the readout display may range 10 millivolts above or 
below the nominal readout display of %+9.980" volts. Under 
these conditions the digital voltmeter is operating in the low 
range and the decimal point in the visual readout is correctly 
positioned between the third and fourth digits from the right. 
Figure 6 shows the state of the automatic decimal shift and 
ranging circuit components when the digital voltmeter is oper- 
ated in the middle range. 


RECORDING CIRCUITS 
----REQUIREMENTS 


A recorder, operated in conjunction with the Model 519-P Di- 
gital Voltmeter, must be capable of making a record of any 
voltage applied to the instrument in the range from + 00.000 
to + 999.99 volts. Command to record shall be supplied by mo- 
mentary manual closure of a print command switch. 


----DESCRIPTION 


Connection of a printer to operate in conjuction with a digital 
voltmeter is shown in Figure 5. Detailed print control circuits 
which are built into the Model 519-P Digital Voltmeter are 
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shown in Figure 13. On each decade are mounted a series of 
buffer relays, one of which is connected in parallel with each 
numerical readout lamp in that decade. Relays 4, 5, 6, and 7 
on the decimal polarity board constitute the buffer relays for 
the three possible decimal points and the minus sign. Decimal- 
polarity relay 1 deactivates the instrument during the printing 
cycle. Decimal polarity relay 2 and decimal polarity relay 3 
operating in tandem control 115 volts alternating current to the 
printer solenoids. V4 on the decimal polarity board keeps re- 
lay 1 and relay 2 energized while the digital voltmeter is com- 

_ ing to a balance after momentary manual operation of the print 
command switch. 


----FUNCTIONAL OPERATION 
w-e--e Initial Conditions 


Let us assume that a print cycle has just been completed, and 
the visual readout display is equal to the applied voltage at 
"79,503" volts. Under these conditions, the print command 
switch is open, V4 is not conducting and relay 1 and relay 2 
are de-energized. When relay 1 is not energized, the cathodes 
of the amplifier 5696 thyratrons are short circuited to ground 
through the normally closed relay 1 contacts, rendering the 
digital voltmeter inactive. Al microfarad condenser is con- 
nected across the coil of relay 3 but relay 3 is not now ener- 
gized because the charge on the 1 microfarad condenser has been 
dissipated during the previous print cycle. For a readout dis- 
play of ''-79.503" the following buffer relays are energized: 


BOARD RELAY NO, 

rr Decade i 103 

Decade 2 100 

Decade 3 105 

| Le -~Polarity 4. 

Decade 4 109 

See eee 5 107 

Decimal-Polarity 7 
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Recording 


Let the voltage applied to the digital voltmeter now be changed 
to +305.97 volts. The readout display will not immediately 
change from the previous display of '-79.503!'. If it is desired 
to make a printed record of the new voltage applied to the in- 
strument it isnecessary to operate momentarily the print com - 
mand switch. Closure of the print command switch applies B+ 
voltage to pin 2 of V4 causing the first triode section of V4 to 
conduct. Conduction in section 1 of V4 is also applied to pin 7 
of V4 through a 1 megohm resistor and causes the second tri- 
ode section of V4 to conduct. 


Conduction in section 2 of V4 energizes relay 1 and relay 2. 
The energizing of relay 1 removes the 5696 thyratron cathodes 
from ground and thus activates the digital voltmeter. The amp-~- 
lifier now sends pulses to the decade counter circuits while 
pulses from the 5696 thyratrons are applied to pin 2 of V4. The 
pulses at pin 2 of V4 cause the first triode section to conduct 
pulses at the same rate as the pulses arriving at pin 2. The 
resistance-capacitance network in the cathode circuit of the 
first section of V4 maintains the voltage at pin 7 of V4 above 
cut-off resulting in continuous conduction in section 2 of V4 as 
long as the amplifier thyratron cathodes supply pulses to pin 2 
of V4. Energization of relay 2 connects the 1 microfarad con- 
denser to B+ through the now closed, normally open, relay 2 
contacts and a 100,000 ohm resistor permitting the ] micro- 
farad condenser to charge while the instrument is arriving at 
a balance. At balance, the visual readout display equals the ap- 
plied voltage of '+305.97" volts, and the buffer relays indicat- 
ed below are energized: 


+ 305.9 7 BOARD RELAY NO. 
eet 
| | Decade 1 107 
| | {Decade 2 109 
i eer DecimalzPolarity 5 
| | Decade 3 105 
| Decade 4 100 
Decade 5 103 
—________________— Noone None 
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After the digital voltmeter has reached a balance, no more . 
pulses are supplied to pin 2 of V4 from the amplifier thyratron 
cathodes. This absence of pulses at pin 2 of V4 results in cut- 
off of sections 1 and 2 of V4. Cut-off in section 2 of Vide-ener- 
gizes relay 1, thereby short-circuiting the amplifier thyratron 
cathodes to ground through the normally closed relay 1 contacts. 
Short-circuiting the amplifier thyratron cathodes to ground de- 
activates the digital voltmeter during the following print cycle. 
The de-energizing of relay 2 disconnects the 1 microfarad con- 
denser from B+ and applies the charge stored in the condenser 
to the coil of relay 3. The discharge of the condenser through 
the coil of relay 3 momentarily closes the normally open con- 
tacts of relay 3 until the condenser charge has been dissipated. 
Momentary closure of the normally open relay 3 contacts ap- 
plies 115 volts alternating current to the decimal #2 printer 
solenoid through the now closed decimal-polarity relay 5 con- 
tacts. The 3, 0, 5, 9, and 7 amount solenoids in the printer 
are also energized through the previously closed buffer relays 
on the decades. The normally open stationary contact of relay 
3 is connected to a common decade buffer relay contact line by 
means of anexternal jumper inthe printer cable assembly from 
pin DPV10 to pin V11 on alldecades. Momentary closure of the 
normally open relay 3 contacts also energizes the add solenoid 
in the printer through pin DP10. The energizing of this add sol- 
enoid initiates the print cycle. The printer now makes a print- 
ed record of '+305.97" volts which equals the applied voltage 
and the visual readout display. 


After a printcut has been completed, the digital voltmeter holds 
the visual readout display corresponding to the printed record 
(even if the input voltage is changed) until the print command 
switch is again operated momentarily. The "+01.108" volt 
visual display after calibration can be recorded in the same 
manner as unknown input voltages applied to the instrument, 
provided the "1.018V" switch is left in the ON position. It should 
be noted that the voltage applied to the digital voltmeter may be 
monitored between printouts by maintained closure of the print 
command switch. In this condition, the instrument is held in an 
activated condition and the readout will correspond to the applied 
voltage. Printout is not accomplished after balance unless the 
print command switch is opened. 
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Figure 9 Useofan Extension Board and Clamp in Making Adjustments to 
Decade and Decimal Polarity Relays. 


Decade Relay. 


Yoke 


3. 


Figure 10 5. Armature contact lead 
Aaa a es and restoring spring 1. Press here to increase 
restoring spring tension 
Left Side View Armature terminal 


2. Press here to decrease 
restoring spring tension 


a 3. Bend this way to reduce overtravel 
| 


4. Bend this way fo increase overtravel 


Coil terminal 


Normally closed contacts 
Normally open contact terminal 


To INCREASE time required for relay to operate upon energization: 
a. Bend movable contact arm as shown in (4) above. 
b. Bend restoring spring (5) to increase restoring spring tension, 
c. Increase gap between stationary contacts. 


To DECREASE time required for relay to operate upon energization: 
a. Bend movable contact arm as shown in (3) above. 
b, Bend restoring spring (5) to cecrease restoring spring tension. 
c., Decrease gap between stationary contacts. 


To INCREASE operated time upon de-energization: 
a. Bend movable contact arm as shown in (3) above to decrease gap 
between armature and core face. 
b. Bend restoring spring to decrease restoring spring tension. 


To DECREASE operated time upon de-energization: 
a. Bend movable contact arm as shown in (4) above. 
b. Bend restoring spring to increase restoring spring tension, 
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OPERATIONAL ADJUSTMENTS 
----CALIBRATION 


The digital voltmeter should be calibrated before use, and at 
periodic intervals throughout the day. Follow the simple cal- 
ibration procedure given on page 17. Consult the standard cell 
certificate in Figure 2 for the correct calibration voltage when 
using the instrument in extreme ambient temperatures. 


----AMPLIFIER GAIN 


For best operation, the digital voltmeter should be operated at 
an amplifier gain setting of 1 millivolt. When amplifier gain is 
not high enough, the visual readout display will not respond to 
input voltage changes of ] millivolt. Excessively high amplifier 
gain may cause instability inthe readout window associated with 
_the first decade. The following procedure should be followed 
when adjusting amplifier gain: 


1. Maintain closure of the print command switch. 


2. Momentarily operate the "1.018V" switch and observe a read- 
out display in the general range of ''01. 018" volts. 


3 Slowly turn the slotted calibration rheostat shaft, whichis loca- 
ted in the lower left corner of the front panel, in a counter- 
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clockwise direction. Observe the magnitude of the decrease in 
readout display, If the readout display decreases in steps of 1 
millivolt and no instability is encountered in the readout window 
associated with the first decade, no adjustment of amplifier 
gain should be made. 


If slowly rotating the calibration rheostat shaft counter-clock- 
wise results in a decrease of 2 or more millivolts in the read- 
out display, the amplifier gain should be increased by turning 
the slotted gain control potentiometer shaft a small amount in 
the clockwise direction. Recheck the amount of readout display 
dropoff and repeat amplifier gain adjustment if necessary. In 
general, the gain is set properly when the amplifier gain con- 
trol shaft is positioned approximately midway between the stops. 


If instability develops in the readout window associated with 
the first decade, turn the gain control counter-clockwise until 
instability disappears, and the readout display decreases in 
steps of 1 millivolt as the calibration rheostat shaft is turned 
slowly counter-clockwise. 


Adjust the calibration rheostat shaft until the readout display 
is ''+01.018". Upon release of the print command switch, the 
printer will make a record of the 1.018 calibration voltage. 


Momentarily operate the '"1.018V'"' switch. The gain and calibra- 
tion settings have been properly made and the digital voltmeter 
is now ready for use. 


~---HUM CONTROL 
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A hum controladjustment is provided on the power supply board 
to minimize the difference between positive and negative numer - 
ical readout displays when the input voltage is held constant in 
magnitude but reversed in polarity. To set the hum control 
adjustment properly, follow the procedure given below: 


Apply a positive voltage in the lower end of the middle range to 
the input leads of the digital voltmeter. 


Slowly decrease the input voltage until the readout display is 
"4099.99" volts. 
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3 Slowly decrease the input voltage until the decimal point shifts 
one place to the left. Immediately stop decreasing the input volt- 
age as soon as the readout display starts to change from the 
"4099.99" volts. 


4. Allow the readout display to become stabilized. Note the mag- 
nitude and polarity of the readout display. As pointed out pre- 
viously, the nominal readout display is "+99.980" volts. Ap- 
plication of +.01% tolerance permits a readout display in the 
range from '+99.990" to ''+99.970' volts immediately after a 
shift of decimal point from position 2 to position 1. For pur- 
poses of illustration, let us assume that the readout display 
changes from "+099.99" to '"4+99.995". 


5: Reverse the polarity of the input voltage to the digital voltmeter 
and repeat steps 1 through 4 above. Note the readout display. 
Let us assume that it is '-99.985!"' volts. 


6. Adjust the hum control potentiometer shaft and repeat steps 1 
through 5 above, noting the stabilized positive and negative read- 
out displays immediately after decimal shift to position 1. Re- 
peat this procedure several times if necessary, until the posi- 
tive and negative numerical readout displays fall into the range 
from 99.990 to 99.970. The hum control is now properly ad- 
justed and need not be adjusted again unless the stray pickup at 
the test site changes appreciably. 


REFERENCE BATTERY REPLACEMENT 


The reference battery is composed of a series of Mallory Type 
RM-1 mercury" A" cells stacked in phenolic tubes. These cells 
have a useful life of 1000 hours at a current drain of 1 milli- 
ampere. Inability to obtain a visual readout display below the 
'401.018'' volts when the calibration rheostat shaft is turned 
full counter-clockwise indicates need for replacement of ref- 
erence battery cells. A too frequent requirement for calibra- 
tion to ''+01.018'' volts may indicate the need for battery re- 
placement caused by excessive reference voltage drift. 


The reference battery assembly is exposed by removing the 


bottom plate of the instrument. Each phenolic tube containing 
mercury cells is fitted with one stationary and one spring loaded 
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end plug. The spring loaded plug has a projecting boss whose 
diameter is smaller than the diameter of the stationary plug. 
The mercury cells are assembled in the phenolic tubes in such 
a manner that the polarity of the spring loaded end plug is posi- 
tive. The use of end plugs having different diameters makes it 
impossible to install improperly the phenolic tube battery as- 
semblies in their holders under the chassis. 


Replacement Mallory RM-1l mercury cells may be obtained com - 
mercially or from Non-Linear Systems, Inc. , Del Mar Airport, 
Del Mar, California. 


TROUBLE SHOOTING 
----GENERAL 


Maintenance personnel must be thoroughly familiar with the 
physical makeup of the digital voltmeter, its installation and 
operating procedures, and the detailed theory of operation giv- 
en elsewhere in this handbook. 


The first step in correcting any trouble or failure that may oc- 
cur is toisolate the section of the circuit thatis causing trouble. 
Such isolation canbe accomplished most readily by considering 
the circuit as composed of the basic sections shown inthe block 
diagram, Figure 12, and their functional operation as described 
in detail inthis handbook. Improper operation of the digital volt- 
meter almost always shows up as improper readout display 
whether in a transitory or stabilized condition. Detailed exam - 
ination of the readout display in the light of the theory of oper- 
ation given in this handbook invariably will lead to the source 
of trouble. 


----TEST EQUIPMENT 


No special test equipment is required for the maintenance of the 
digital voltmeter. An ordinary oscilloscope is helpful in tracing 
amplifier output pulses. Resistance and voltage measurements, 
both alternating and direct current, can be made with a multi- 
meter, An extension board and clamp (see Figure 9) which is 
available from Non-Linear Systems, Inc., can be used very 
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effectively in making relay adjustments on the decades and dec- 
imal polarity boards. 


~---RELAY ADJUSTMENTS 


From the presentation of theory of operation starting on page 
21, it becomes evident that properly sequenced relay operation 
is important to the correct operation of the instrument. Under 
some conditions it maybe necessary toreadjust the decade re- 
lays restoring spring tensions or contact pressures. After lo- 
calizing a possible improperly-operating relay by examination 
and analysis of the readout behavior, the decade containing the 
suspected relay should be replaced by the extension board as 
shown in Figure 9. The decade then should be mounted in the 
plugs located on the top edge of the extension board. Care should 
be taken to mate the decade terminal tabs with the correspond- 
ing contact clips in the plug when mounting the decade board. 
The digital voltmeter should now be operated in the range where 
improper readout display has been previously observed. Small 
exploratory pressures should be applied with a slender, plastic 
probe at points (1) and (2) on the suspected relays, as shown in 
Figure 10. The statements appearing in Figure 10 summarize 
possible relay adjustments in terms of the desired change in 
relay operating characteristics. Readout display should be mon- 
itored when these exploratory pressures are applied. When the 
readout display becomes correct, a permanent adjustment can 
be made on the relay to take the place of the exploratory pres- 
sures. After making a relay adjustment, the decade board con- 
taining the relay should be replaced in its normal position and 
operation of the digital voltmeter should be checked again in 
the range which previously gave incorrect operation. 
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----PULSE TRACING 
When viewed on an oscilloscope screen, the "up'' and '"'down!"! 


pulses at the amplifier pulse output terminals are of the form 
shown below. 


Figure ll Wave Shape of "Up" and ''Down" Pulses at Amplifier Output 
Terminals. 


-~---TROUBLE SHOOTING CHART 


As an aid in servicing, the Trouble-Shooting Chart, Table X, 
indicates causes and remedies for certain specific troubles. 
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Table X 


Trouble-shooting Chart 


SYMPTOM 


Entire visual readout fails to light up 


MAINTENANCE 


PROBABLE CAUSE 


"Power" switch in "off" position. 


No alternating current line voltage. 


Momentarily operate the "Power" 
switch to ON position. 


Trace line failure. 


Power cable defective. 


—— 


Repair or replace cable. 


Fuse defective. 


Replace fuse. 


No 28 volts direct current. 


Check for 28 volts at various points 
as shown in circuit diagram Figure 
13. 


ee | 


Visual readout display fails to change 
from " +555.55" indication. 


No 250 volts direct current plate 
voltage available at decade counter 
tube plates. 


Check for 250 volts direct current 
at PSF6. 


Trace line failure between D1F3 and 


PSF6. 


Some characters in the visual read- 
out display do not light up. 


Unstable display in lst decade read- 
out window. 


Defective readout indicator lamp. 


Replace lamp. 


No 28 volts direct current availa- 
ble at center contact of lamp. 


Amplifier gain too high. 


Excessive ripple on direct current 
input lines. 


Trace 28 volts direct current line 
failure. 


Adjust amplifier gain as described 
on page 63. 


Provide suitable filter between dir- 
ect current source and digital volt- 
meter input leads. 


Stray noise voltage pick-up. 


eau 


Connect chassis of digital voltmeter 
to a good earth ground. 


Reverse 115 volts alternating cur- 
rent plug in service receptacle. 


Microphonics in 5751 in lst ampli- 
fier stage. 


Replace 5751 in amplifier. 


Unstable 5696 thyratrons in ampli- 
fier. 


Replace 5696 tubes in amplifier. 
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Table X Trouble-shooting Chart (continued) 


SYMPTOM 


Unstable display in any readout dis- 
play window. 


Readout display will not increase. 


PROBABLE CAUSE 


Relay 9 on associated decade is not 
pulling in. 


REMEDY 


Confirm presence of operating volt- 
age at coil of associated relay 9. 


Check line voltage (115 +10 volts al- 
ternating current 60 cycle). 


Decrease air gap between relay ar- 
mature and core. 


Reduce relay restoring spring ten- 
sion. 


Normally open relay 9 contacts not 
making proper contact. 


No error signal. 


No amplifier "up" pulse at decade. 


Defective decade counter tube. 


— 


Increase overtravel of moveable con- 
tacts. 


Check adjustment of relays 814A, 
11B, 20A, and 40A for sufficient 
closed contact time to fully ener- 
gize coil of relay 9. 


Replace defective chopper. 


Check error signal line from chop- 
per pin 3 to DR3. 


Trace "up" pulse line failure from 
AF 1 to decades. 


Replace, 


No amplifier "up" pulse at AF7. 


Defective amplifier, repair or re- 
place. 


Readout display will not decrease. 


Readout display will not increase or 
decrease. 


naman E 


No error signal. 


Replace defective chopper. 


Check error signal line from chop- 
per pin 3 to DR3. 


No amplifier "down" pulse at AF7. 


Defective amplifier, replace or re- 
pair. 


No amplifier ''down" pulse at dec- 


ades. 
————— a 


| 


Trace "down" pulse line failure from 
AF8 to decades. 


Defective decade counter tubes. 


Defective neon "down" pulse coup- 
ling lamps in decades. 


Decimatkpolarity relay 1 deactivates 
digital voltmeter by shorting amp- 
lifier 5956 cathode to ground through 
normally closed decimal- polarity 
relay 1 contacts. 


70 


Replace. 


Operate print command switch to 
closed position to energize decimal- 
polarity relay 1 and thereby activ- 
ate digital voltmeter. 
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Table X 


SYMPTOM 


Readout display decreases in steps 
of more than ] digit in extreme right 
hand window when input voltage is 
decreased very slowly. 


Visual readout display increases and 
stays at "9999.9" when input volt- 
age is below ''9999. 9" volts. 


Visual readout display decreases to 
and stays at ''+00.000"' when input 
voltage is negative. 


Decimal point refuses to shift to the 
right. 


Decimal point refuses to shift to left. 


Trouble-shooting Chart (continued) 


MAINTENANCE 


PROBABLE CAUSE 


Low amplifier gain. 


No reference current. 


Decimal-polarity relay 0 does not 
transfer 'down" pulse into polarity 
control tube V5 on decimal-polarity 
board. 


No "up" pulses arriving at pin 2 of 
decimal-polarity tube V2 or pin 2 of 
decimal-polarity tube V3. 


No "down!" pulses pin 7 arriving at 
decimal-polarity tube V2 or pin 2 of 
decimal-polarity tube V3. 


REMEDY 


Adjust amplifier gain as described 
on page 63. 


Replace reference battery. 


Re-establish continuity of reference 
circuit. 


Check for ''down" pulses atnormally 
open decimal-polarity relay 0 con- 
tacts. 


Replace decimal-polarity tube V5 if 
defective. 


Check operation of decimal-polarity 
relays 17 and 18. 


Check operation of chassis relays 
1 and 2. 


Replace defective neon bulb N1 or 
N3. 


Correct faulty decimabpolarity relay 
11 contacts. 


Correct faulty closure of D5 relay 1l 
normally open contacts. 


Correct faulty "up'' line through the 
decades. 


Replace defective neon bulb N2 or 
N4. 


Correct faulty normally closed con- 
tacts of decimal-polarity relay 21. 


Correct faulty closure of normally 
open decimal-polarity relay 11 con- 


| tacts. 


Correct non-operation of decimal- 
polarity relay 11. 


Correct faulty normally closed dec- 


imal-polarity relay 18 contacts. 


Correct faulty decimak polarity F12 
contact. 


Correct faulty down" line fromam- 
plifier to decimal-polarity board. 
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Table X Trouble-shooting Chart (continued) 


SYMPTOM PROBABLE CAUSE REMEDY 
EE ————————— 


Unstable decimal point location. 


Momentary operation of print com- 
mand switch does not cause print- 
er to operate. 


Analyze pattern of readout instabil- 
ity. Using the circuit logic present- 
ed on page 29, deduce which decim- 
al shift relays are malfunctioning. 
Make exploratory modifications of 
restoring spring tension. Make per- 
manent relay adjustments as requir- 
ed. 


Improper restoring spring tension 
on decimal-polarity relay 21 and de- 
cimal-polarity relay 22. 


Plug printer 115 volts alternating 
current power cord into service re- 
ceptacle. 


No 115 volts alternating current at 
printer drive motor. 


Decimal-polarity relay 1 and relay Replace defective decimal-polarity 
2 not operating. tube V4, 


Correct faulty normally closed re- 


lay 2 contact closure. 


Decimal-polarity relay 3 not oper- Replace faulty 1 microfarad capacit- 
ating. or connected toarmature of relay 2. 


Establish presence of 250 volts dir- 
ect current at normally open contact 
of relay 2. 


Correct faulty normally open relay 
3 contact closure. 

Printer add solenoid is not being po- 
wered with 115 volts alternating cur- 
rent. 


Install vertical plug on rear edge of 
decimal-polarity board. 


a 


Printout does not agree with visual 
readout display. 


Faulty buffer relay coil energizat- Localize and repair defective buffer 
ion or contact closure. relay. 
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Figure 13 Digital Voltmeter Model 519-P Wiring Diagram 
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NOTE: a. Pin connections on al/ boards are numbered as follows: 
Rear pins in sequence from rear of board forward, 


Front pins in sequence from front to rear; 
Vertical pins in sequence from top downward. 
b. All capacitors in MFD unless otherwise noted. 


1 
Pajou asimsayjo ssaluN G4yW Ul S4oqoDdDo IY “q PODOOSS DOO senv7 snoowas 
PapMuUMOP do} Wody aduUaNbas U! SUId [DOI 7a, Lf 
44084 04 yu04j WOrs aouanbas u suid yuos4 i 
{piomio} pi0q Jo aba. Wo.) aouanbas UI suid 109y = =| | 
:SMO}I0J SD PaiaquiNU a1D Sp4D0q |jD UO SUOYIIULOD Ulg “© :ALON Te | CT | 
CPeleyofs) uvau eiferfzi[ousifoiferzyuforfsfe]z[e]s]+]e]2] i] snows 
Oty oh ony 
aa y aiae err as20 ern BEC) 
Y a aoe 
6h 6h ety 
mag] Y rasta) Orr + aisea faiaee 4 FE) 
| ! 
Wo uz ue ue VO voz vor _uo8 vot voce voor v008 
ee rr ra a ara ai rae 
arte] 02 Au} op Au 08 Ay axts| oz tal oF ts) 08 hy a1] og Ae] op Mul o8 Ay | | 
ty 
| 
uw ue ue ue voi voe_vor _v08 001 yo0z _woor O08 | 
m7 emia Tae zo Tar zuee 1 |] 
: } 
us Au) iz 4u) 1 Au} a8 Au] sz ul ip A 2 iz he) ip AB) ie ty, ! 
7 
NOJLISOd 10 NOILISOd ZG NOLLISOd ¢G 
HEART, 
Wworwan awoldwaA TWwoUBA rorya, oe i 
“r T= FRET q SY | 
o-aTW TOS | QO 
eo i 
walanany 2965 3 S3BN1 3qv930 Ty ZF GONSTOS | © 
sr + orOWTTOS | Dad 
on sual a fila iow Eee [Ele roomed ay vm 
mvs f = 2 SoONTWS |S 
G Ie | fy + + OE 3 TONSTOS |? 
| é és ! FORTIS] 
3 OF — fF B) fers) fer SOONSTOS LL te 
9696 MBLNIHd OL < 
awaso3ke aavyerwo PPS x01 i & sove Sukh soNvuo Nwoua —naau0 ame om 
fs és 3 ots 
oF eh) fm, for fey fee 3 | 
a xv \ | r vo 09 hy opm etal 02 hs vou fe | 
i 4) IY} xy WY 
Fes 7 Ai 
cay 2mTy US vhs IF | *} fo fry fet fe me te wosty weal vortu vial works anrta ot te 
axve| | 
mv, | és A| Xe 
scr t NOILISOd $0 
vis Ap g 8 g g | 
2] 3 i ff fi id 
owace T 
Mi he uvay 10 
| 
mou i 
3% 2 ee — \ 
| : Sx 
+ — ey 
Gi 
— A | Feat 
i se 29 Fa ta | + 
| Pace | ONDINA 
%) © 9 © } 
eafoon aeAt9 ounce \ OS camer snoorae QO 
t ———— 
= i | ——, 
q 
j wt. 's 
\ s 
- AS 199 2 > 
T i | + 7 
Tt t | 
| 
me I ‘= vee ie 
| 
7 ee eft] wau eis si>feequfos[e[z]e]s]>]e]z] |] snows oprier ey forfs[e[e Pals] anos [ei +[epee] away 
t 
dk 
Isinamv 


wag my. ated 


wad Sy021 
Siem 
oe 
ks Sty 
ates aby Tate 
THONTTOS SANTA. 
GIONS IOS € 330} * 
TONS 0S esa} + a ed 
a 
Sela ire ad 
7 
: ous SLAY vous 
‘ ” 
z 
F wi 
3 
uwvros Twmi03a qq wauunawe 
—aor> 


uuerdeiq SUIIIM q-61g TePOW 29}0UNTOA TeHSIG ET earns 


Non-Linear Systems, Inc. 
Del Mar Airport, 
Del Mar, California, USA, 


Instrument Type ——sS—CSC SC Mfc deed. # LC Se rial # 


Your Order #__————s—CS<2 7H SC rr Icicle F# 


Date Shipment Received 


Date of Inspection Report 


Date Notice of Loss or Damage was Given to Carrier's Agent 


Name of Carrier's Agent Receiving Notice of Loss or Damage 


REMARKS 
(damages & etc.) 


IN CASE OF SHIPPING DAMAGE: 
Fill out the above form and return it promptly with damage claim pipers. 


TO: 


Non-Linear Systems, Inc. 
Del Mar Airport, 

Del Mar, California, USA. 
Telephone: SKyline 5-1135 


DAMAGE REPORT (form no. 163) 


INSTRUCTIONS 


For proper compensation on shipping damages, take action immedi- 
ately. 


Give animmediate and a thorough inspection of shipment upon arrival. 


Secure a notation on the freight bill for any damage or shortage no- 
ticeable on delivery. The carrier should sign this notation. 


Unpack promptly and notify the delivering Carrier's Agent. AT ONCE 
of any concealed damage or shortage, asking him to inspect the ship- 
ment and give you a signed inspection report. 


Notice of LOSS or DAMAGE should be given delivering Carrier's Agent 
by telephone or in person and confirmed by mail within 48 hours, if im- 
practical to inspect shipment immediately. 


All goods of our manufacture are carefully inspected and shipped in 
packages approved by Consolidated Freight Classification. The -Rail- 
roads and Motor Carriers are reluctant to make adjustment for dam- 
aged merchandise unless reported and inspected promptly after arrival. 
The Insurance Company does not cover any damage occuring after de- 
livery, and delay in discovering concealed damage necessarily raises 
a question as to the time when the damage occured. 


After your report has been made to the carrier, fill out the form on the 
reverse hereof and forward this, with a copy of the signed inspection 
report to Non-Linear Systems, Inc., for appropriate action. 


Claims for damage or missing parts arenot allowed without supporting 
papers, and claims must be made within 10 days from receipt ot ship- 
ment. 


Please accept all shipments and write us before making any return 
shipment. 


Your cooperation in complying with the foregoing willassistus in mak- 
ing prompt adjustment. 


All equipment manufactured by Non-Linear Systems, Inc., is fullyin- 
sured against damage incurred during shipping. 


